ABSTRACT Mouse cells carrying the dominant resistance gene Mx develop a more efficient antiviral state toward influenza viruses in response to interferon than do Mx-negative cells. We have identified an Mx gene-associated product by labeling cultured peritoneal macrophages and embryonic cells with [3S]methionine in the presence or absence of interferon. The radioactive proteins from unfractionated cytoplasmic extracts were separated electrophoretically in two dimensions and were revealed by fluorography. A protein with a Mr of 72,500 and an isoelectric point of 6.3 was induced by mouse interferon type I (a mixture of a and (3 interferons) in cells carrying the gene Mx but not in cells lacking Mx. The induction of this protein could be blocked by actinomycin D. The maximal rate of synthesis was reached in embryonic cells 4-5 hr after treatment with 103 reference units of interferon per ml. When the allele Mx (present in the inbred mouse strain A2G)was repeatedly backcrossed on different genetic backgrounds (BALB/c, C57BL/6, A/J), a clear correlation between the inducibility by interferon of this protein and the presence of the allele Mx was observed. The results suggest that this protein induced by the interaction of interferon with Mx plays a role in the selective antiviral state against influenza viruses that is observed in interferon-treated Mx-bearing cells.
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Exposure of cells to interferon (IFN) leads to an antiviral state in which the replication of most viruses is inhibited by various mechanisms and to different degrees. The development of antiviral resistance requires transcription and translation of cellular genes because it can be prevented by treatment of cells with actinomycin D and inhibitors of protein synthesis (1) . IFN induces in cells a variety of responses including increased levels of certain enzymatic activities and the synthesis of a number of proteins, depending on cell type (2) . However, the relative roles of these cellular proteins in antiviral resistance are still unclear. One possible approach to assigning specific proteins to BALB/c females. The resulting backcross generation was infected with lethal doses of influenza virus, and surviving Mx-bearing males were again backcrossed to BALB/c females. This procedure was repeated until the 11th backcross generation was reached. Similar backcrosses were produced with susceptible C57BL/6 and A/J mice. Cells obtained from backcross mice surviving infection were tested for IFN sensitivity as described (4) and were found to show increased antiviral activity selectively for influenza viruses (as compared to cells from susceptible BALB/c, C57BL/6, and A/J mice), thus confirming their Mx status (4).
Cells. Thioglycollate-induced peritoneal macrophages from the various mouse strains were harvested and cultured as described (4) . Cells from 16-day-old mouse embryos were cultured and passaged as described (6 (12.5 ,uCi/ml) in the same buffer. The labeling was terminated by washing the culture with cold phosphate saline buffer, and the cultures were frozen at -80°C. Cells were then thawed and treated with 1.5 mM KC1/2.5 mM MgCl2/5 mM Tris-HCl, pH 7.4/1% deoxycholate/1% Triton X-100 for 5 min at 0°C. The nuclei were centrifuged for 5 min at 2,300 x g; the supernatant was kept frozen at -800C.
Analysis of 3S-Labeled Proteins. The two-dimensional system combining nonequilibrium pH gradient electrophoresis (NEPHGE) with NaDodSO4/polyacrylamide gel electrophoresis was used (8) . An cpm was precipitated with 2 vol of ethanol. The proteins were solubilized in 50 u1 of "Iysis buffer A" (9) and applied onto the acidic end of the nonequilibrium pH gradient electrophoresis gel, which contained 2% ampholytes, pH 3-10. The electrophoresis was run for 5 hr at 500 V. The separating gel for slab gel electrophoresis in the second dimension contained 12% acrylamide and 0.32% bisacrylamide. Radioactive -proteins were visualized by fluorography on x-ray films (10). Microdensitome--try was performed on the films with a Vitatron densitometer. Isoelectric Point Determination. Isoelectric focusing of cellular proteins was performed for 8,500 Vhr on a pH gradient 5-8 as described (9) . Three isoelectric-focusing gels were cut at 1-cm intervals, and each piece was equilibrated with 1 ml of degassed water for measurement of the pH gradient. One isoelectric-focusing gel with radioactive proteins was used for separation by polyacrylamide gel electrophoresis in the second dimension to locate the IFN-induced protein.
RESULTS
Proteins Synthesized in Control and IFN-Treated Macrophages Differing at the Mx Locus. Macrophages were obtained from the peritoneal cavity of A2G mice (homozygous for Mx) and of BALB/c mice (lacking Mx). They were then kept for 3 days in culture before treatment with 100 reference units of IFN per ml for 18 hr. Proteins synthesized during IFN treatment were labeled with [3S]methionine. Cytoplasmic extracts were prepared, and the proteins were separated without further purification in the two-dimensional system as described. Extracts from cells not treated with IFN were prepared in the same way and served as controls. Fig. 1 shows the fluorographs of a representative experiment. One major protein is present on gels of IFN-treated A2G macrophages (circle in Fig. 1E ) but is absent in similarly treated BALB/c cells (circle in Fig. LA ). This protein is also missing on gels of A2G or BALB/c macrophages not treated with IFN ( Fig. 1 B and F. ). The induced protein has a Mr of -72,500 and an isoelectric point of 6.3. The patterns of labeled proteins are otherwise quite similar on gels of' IFN-treated and control cells, with only minor differences between the two mouse strains.
Because A2G and BALB/c inbred mice have many genetic differences besides Mx, it was mandatory to show that the IFNinduced protein was in fact associated with the gene Mx. Therefore, we introduced the allele Mx into different genetic backgrounds (BALB/c, C57BL/6, A/J) by using the breeding and selection scheme as outlined and established mouse strains nearly congeneic at the Mx locus. Fig. 1 C and D cells. To test this, monolayer cultures of embryo cells differing at the Mx locus were established and were treated with 1,000 reference units of IFN per ml. In order to minimize the accumulation of [3S]methionine into the many noninduced polypeptides synthesized in growing embryo cells, pulse-labeling rather than labeling during the entire duration of IFN treatment was performed. The induction of a major new protein by IFN in Mx-bearing cells but not in Mx-negative cells is demonstrated on the two-dimensional gels in Fig. 2 (Fig. 4) 
